What is your Intention? Communicating Routes in Electronic Nautical Charts  by Porathe, Thomas et al.
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  3266 – 3273 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012  
doi: 10.1016/j.sbspro.2012.06.1292 

7UDQVSRUW5HVHDUFK$UHQD±(XURSH
:KDWLV\RXULQWHQWLRQ"&RPPXQLFDWLQJURXWHVLQHOHFWURQLF
QDXWLFDOFKDUWV
7KRPDV3RUDWKHD0DUJDUHWD/W]K|IWD*HVD3UDHWRULXVD
D&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\'HSRI6KLSSLQJDQG0DULQH7HFKQRORJ\0DULWLPH+XPDQ)DFWRUV
6(*RWKHQEXUJ6ZHGHQ

$EVWUDFW
7KLVSDSHU UHSRUWV SUHOLPLQDU\ ILQGLQJVRQ D VLPXODWRU VWXG\ ORRNLQJ IRU XQLQWHQGHG FRQVHTXHQFHVRI OHWWLQJ VKLSV
H[FKDQJHURXWVE\XVHRIWKH(OHFWURQLF&KDUW'LVSOD\DQG,QIRUPDWLRQ6\VWHP(&',6,QDSURWRW\SHV\VWHPWHVWHG
VKLS¶V LQWHQGHG URXWHV DUH YLVLEOH WR RWKHU VKLSV DQG WKH 9HVVHO 7UDIILF 6HUYLFH 976 KDV WKH DELOLW\ WR VHQG
VXJJHVWHGURXWHVWRDGGUHVVHGVKLSV3UHOLPLQDU\ILQGLQJVVKRZSRVLWLYHUHVSRQVHIURPSURIHVVLRQDOSDUWLFLSDQWVLQWKH
VWXG\DOWKRXJKVRPHFRQFHUQVZHUHDOVRUDLVHG

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV,QWHQGHURXWHVURXWHH[FKDQJH(&',6(OHFWURQLF&KDUWVDQG'LVSOD\,QIRUPDWLRQ6\VWHP976H1DYLJDWLRQ
,QWURGXFWLRQ
³:KDW LV\RXU LQWHQWLRQ"´ LVDFRPPRQTXHVWLRQRYHU WKH9+)ZKHQ WZRVKLSVDUH LQGRXEWRIHDFK
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DO   &RXOG WKHUH EH DQ DWWLWXGH LPSO\LQJ WKDW WDONLQJ RQ WKH 9+) LV XQQHFHVVDU\ LI HYHU\ERG\
IROORZV WKH ,QWHUQDWLRQDO 5HJXODWLRQV IRU 3UHYHQWLQJ &ROOLVLRQV DW 6HD DEEUHYLDWHG &2/5(*6 ,02
"$UHDVRQIRUQRWFRPPXQLFDWLQJFRXOGRIFRXUVHEHWKDWQRRQHRQERDUGWKLQNWKDWWKHVLWXDWLRQLV
XQFOHDU QRW UHDOL]LQJ WKDW WKH\ KDYH PLVLQWHUSUHWHG WKH LQWHQWLRQV RI WKH RWKHU YHVVHO /RRN DW WKH
IROORZLQJH[DPSOH
,QDWUDJLFDFFLGHQWLQWKHFDSWDLQRID86FRDVWJXDUGFXWWHUPLVWRRNWKHQDYLJDWLRQOLJKWVDQG
UDGDU HFKRRI DQ DSSURDFKLQJYHVVHO IRU EHLQJ D VORZJRLQJYHVVHO RQ WKH VDPHFRXUVH DV KHZDV7KH
FXWWHUZDV UDSLGO\DSSURDFKLQJ WKHRWKHUYHVVHODQG WKHFDSWDLQ WKRXJKW WKDW VKHKDV WREHPRYLQJYHU\
VORZO\PD\EHILVKLQJ7KHFDSWDLQ\LHOGHGWRSRUWWRRYHUWDNHWKHYHVVHORQWKHFRUUHFWVLGHDFFRUGLQJWR
WKH&2/5(*61R9+)FRPPXQLFDWLRQZDVHVWDEOLVKHGEHFDXVHWKHSDVVLQJZDVURXWLQH%XWIRUDKHDG
RQ VLWXDWLRQERWK VKLS VKRXOGKDYH \LHOGHG WR VWDUERDUG7KH VXEVHTXHQW FROOLVLRQ VXQN WKH FRDVW JXDUG
YHVVHODQGNLOOHGFUHZPHPEHUV3HUURZ
,Q ROG W\SHV RI UDGDU V\VWHPV PLVLQWHUSUHWDWLRQ RI LQIRUPDWLRQ ZDV SRVVLEOH LI WKH WDUJHW ZHUH QRW
SORWWHGRYHUWLPH:LWKPRGHUQV\VWHPVDWUDFNHGWDUJHWZLOOGLVSOD\DFRXUVHVSHHGYHFWRU±LIWKHWDUJHW
LVWUDFNHG7KLVWUDFNLQJQHHGVWREHLQGLFDWHGPDQXDOO\7KHQHZ$XWRPDWLF,GHQWLILFDWLRQ6\VWHP$,6
ZLOO GLVSOD\ WKH WDUJHWZLWK D FRXUVHVSHHGYHFWRU RQERWK UDGDU DQG HOHFWURQLF FKDUW LI WXUQHGRQ EXW
RQO\ DV DQ H[WUDSRODWLRQ RI FXUUHQW VSHHG DQG FRXUVH DQG VRPHWLPH FXUUHQW WXUQ UDWH %XW HYHQ ZLWK
PRGHUQ HTXLSPHQW VRPH W\SHV RI PLVXQGHUVWDQGLQJV ZRXOG EH KDUG WR SUHYHQW DV IRU H[DPSOH WKH
IROORZLQJVLWXDWLRQ
,QWKH/LEHULDQEXONFDUULHU$UWDGLFROOLGHGZLWKWKH)UHQFKIHUU\6W*HUPDLQLQWKH'RYHU6WUDLW
LQEDGYLVLELOLW\$UWDGLZDVSURFHHGLQJ1(LQWKHWUDIILFVHSDUDWLRQVFKHPHVHHILJXUH7KHIHUU\ZDV
VSRWWHGLQJRRGWLPHRQWKHUDGDURIWKH$UWDGL&RPLQJIURPVWDUERDUG6W*HUPDLQZDVWKHVWDQGRQVKLS
DFFRUGLQJWRUXOHRIWKH&2/5(*67KHSLORWDQGPDVWHURIWKH$UWDGLH[SHFWHGKHUWRNHHSVSHHGDQG
FRXUVHDQGVWDUWHGWRPDNHDVWDUERDUGWXUQWRJLYHZD\+RZHYHURQERDUGWKH6W*HUPDLQWKHLQWHQWLRQ
ZDVQRWDWDOOWRFURVVWKHWUDIILFVHSDUDWLRQVFKHPHGLDJRQDOO\LQIURQWRI$UWDGLEXWLQVWHDGWRWXUQSRUW
DQGIROORZRXWVLGHWKHERDUGHURIWKH1(JRLQJWUDIILFODQHXQWLOWKHWUDIILFFOHDUHGDQGVKHFRXOGPDNHWKH
FURVVLQJ DW D ULJKW DQJOH DFFRUGLQJ WR UXOH F ,Q WKH VXEVHTXHQW FROOLVLRQ WZR SHUVRQV ZHUH NLOOHG
.ZLN2IILFHRIWKH&RPPLVVLRQHUIRU0DULQH$IIDLUV


)LJ0LVXQGHUVWDQGLQJLQWHQWLRQV7KHFROOLVLRQRI)UHQFKWUDLQIHUU\6W*HUPDLQZLWK/LEHULDQEXONFDUULHU$UWDGLLQWKH(QJOLVK
&KDQQHO
3268   Thomas Porathe et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3266 – 3273 
:KHQ VKLSV DUH KHDGLQJ LQWR FRQIOLFWLQJ VLWXDWLRQV WKH\ DUH H[SHFWHG WR VROYH WKH VLWXDWLRQ XVLQJ
&2/5(*6&2/5(*6DUHVXSSRVHGWRXQDPELJXRXVO\ODEHORQHRIWKHVKLSVWKHVWDQGRQYHVVHODQGWKH
RWKHUWKHJLYHZD\YHVVHO%XWGXHWRPLVXQGHUVWDQGLQJVWKLVLVQRWDOZD\VWKHFDVHDVFDQEHVHHQIURP
WKHWZRVLWXDWLRQVGHVFULEHGDERYH,IWKHVLWXDWLRQLVXQFOHDUVKLSVDUHVXSSRVHGWRXVHWKH9+)WRVROYH
WKH DPELJXLW\ %XW LI WKHUH LV DPLVXQGHUVWDQGLQJ WKHQ WKH DPELJXLW\ PLJKW QRW EH UHFRJQL]HG E\ WKH
UHVSRQVLEOHEULGJHRIILFHUVXQWLOLWLVWRRODWH
7KHVWXG\E\/LXDQG:RSUHVHQWHGDERYHLQGLFDWHGWKDWPRUHYHUEDOFRPPXQLFDWLRQRYHUWKH
9+)PLJKWPLWLJDWHPLVXQGHUVWDQGLQJVEHWZHHQVKLSV,QKLVVHPLQDO&RJQLWLRQLQWKH:LOG(GZLQ
+XWFKLQVZURWH WKDW³9HUEDOGHVFULSWLRQV W\SLFDOO\ IDLOQRWEHFDXVH WKH\GRQ¶WSURYLGHHQRXJKVWUXFWXUH
EXWEHFDXVHWKH\SURYLGHWKHZURQJNLQGRIVWUXFWXUH7KHGLIIHUHQFHEHWZHHQWKHULJKWDQGWKHZURQJNLQG
RI VWUXFWXUH LV GHWHUPLQHG ERWK E\ WKH QDWXUH RI WKH WDVN DQG WKH RWKHU VWUXFWXUDO UHVRXUFHV WKDW DUH
DYDLODEOH´ S +XWFKLQV KHUH GHVFULEHV WKH SKRQH FRPPXQLFDWLRQ EHWZHHQ WKH UHFRUGHU LQ WKH
FKDUWURRPDQGWKHSHORUXVRSHUDWRURQWKHEULGJHZLQJRQHRIZKLFKRQO\VDZWKHFKDUWDQGWKHRWKHUZKR
RQO\VDZWKHZRUOG%DVHGRQWKHFKDUWWKHUHFRUGHUGHFLGHGWKHQH[WODQGPDUNZKLFKZDVGHWHUPLQHGE\
DQ RSWLPXPEHDULQJ DQJOH EXW IRU WKH SHORUXV RSHUDWRU WKH SUREOHPZDV KRZ WR LGHQWLI\ WKH ODQGPDUN
SLFNHGRXWE\WKHUHFRUGHUDQGWKHLURQO\OLQHRIFRPPXQLFDWLRQZDVWKHWHOHSKRQHOLQH,QWKLVFDVHEHLQJ
DEOHWRJRWRWKHEULGJHZLQJDQGSRLQWRXWWKHODQGPDUNPLJKWKDYHEHHQDEHWWHUIRUPRIFRPPXQLFDWLRQ
:KHQVKLSVFRPPXQLFDWHRYHUWKH9+)WDONLVRIWHQNHSWVKRUWDQGWRWKHSRLQW/HQJWK\GHVFULSWLRQV
DUHDYRLGHGGXHWRWKHRQHRUYHU\IHZFKDQQHOVWKDWVKRXOGEHRSHQDQGDYDLODEOHWRDOOVKLSV6KRUWDQG
WR WKH SRLQW FRPPXQLFDWLRQ PLJKW EH VXLWDEOH IRU VKRUWWHUP WDFWLFDO LQIRUPDWLRQ DERXW XSFRPLQJ
PDQHXYHUV WR SRUW RU VWDUERDUG EXW LW LV QRW VXLWDEOH IRU FRPPXQLFDWLQJ LQWHQWLRQV RI ORQJ UDQJH URXWH
LQIRUPDWLRQ)XUWKHUPRUHLIVXFKORQJUDQJHLQIRUPDWLRQZRXOGEHDYDLODEOHLWPLJKWJLYHRWKHUVKLSVLQ
WKHDUHDDFKDQFHRIORRNLQJDKHDGDQGSODQIXWXUHSDVVDJHVRIQDUURZVDQGDYRLGFORVHFRXQWHUVLWXDWLRQV
)LUVW WKH VWUXFWXUH RI WKH YHUEDO YRLFH FRPPXQLFDWLRQ PDNHV LW FRPSOLFDWHG WR FRPPXQLFDWH SUHFLVH
JHRJUDSKLFDO LQIRUPDWLRQ ZLWKRXW VWDUWLQJ WR UHDG OHQJWK\ QXPHULFDO FRRUGLQDWHV 6HFRQG WKH YRLFH
FRPPXQLFDWLRQKDVWREHVWRUHGLQPHPRU\XQWLOLWFDQEHUHFRUGHGE\SHQDQGSDSHURUWKURXJKWDSHEXW
ZLWKDWDSHUHFRUGHULWKDVWREHSOD\HGDJDLQDQGWKHPHPRU\SUREOHPUHDSSHDUV,I WDONLVQRWWKHEHVW
ZD\WRFRPPXQLFDWHLQWHQWLRQVZKDWLV",VWKHUHVRPHZD\RIPDNLQJLQWHQWLRQVRIVKLSVPRUHFOHDU"
,Q  WKH ,QWHUQDWLRQDO 0DULWLPH 2UJDQL]DWLRQ ,02 VWDUWHG D VWUDWHJLF LQLWLDWLYH QDPHG H
1DYLJDWLRQGHILQHGDVWKHFROOHFWLRQ LQWHJUDWLRQDQGGLVSOD\RIPDULWLPHLQIRUPDWLRQDERDUGDQGDVKRUH
E\ HOHFWURQLF PHDQV WR HQKDQFH QDYLJDWLRQ DQG LQFUHDVH VDIHW\ DW VHD IRU WKH SURWHFWLRQ RI WKH PDULQH
HQYLURQPHQW,022QHDSSURDFKWRH1DYLJDWLRQLV WRORRNDWZKDWLQIRUPDWLRQLVDYDLODEOHEXW
QRW XVHG DQG KRZ WKLV LQIRUPDWLRQ FDQ EH SXW LQ XVH IRU WKH EHQHILW RI VDIHW\7KH(IILFLHQ6HD SURMHFW
 ZLWKLQ WKH %DOWLF 6HD 5HJLRQ 3URJUDP KDV WKH DLP WR VXSSRUW HIILFLHQW VDIH DQG VXVWDLQDEOH
PDULWLPH WUDIILF RQ WKH %DOWLF 6HD 2QH DFWLYLW\ ZLWKLQ WKLV SURMHFW KDV EHHQ GHYRWHG WR GHYHORS QHZ
GHFLVLRQVXSSRUW IHDWXUHV LQ WKH(OHFWURQLF&KDUWDQG,QIRUPDWLRQ'LVSOD\6\VWHP(&',67KHIHDWXUH
IRFXVHGRQ LQ WKLV SDSHU LV WKHSRVVLELOLW\ WR H[FKDQJH URXWHVEHWZHHQ YHVVHOV DQGEHWZHHQYHVVHOV DQG
VKRUHVHUYLFHVVXFKDVSLORWVDQG976
(YHU\VKLSLVE\UHJXODWLRQVIRUFHGWRGRDEHUWKWREHUWKURXWHSODQEHIRUHOHDYLQJSRUW,&6
7KLVLQWHQGHGURXWHUHVLGHVORFNHGLQWKHQDYLJDWLRQV\VWHPRIHDFKVKLS%\HQDEOLQJYHVVHOVWRVHQGDQG
UHFHLYHHDFKRWKHU¶VLQWHQGHGURXWHVXVLQJ$,6ELQDU\PHVVDJHVDQGGLVSOD\WKHPRQWKHLURZQ(&',6
DSRVVLEO\WRGHFUHDVHWKHULVNIRUFRQIOLFWLQJVLWXDWLRQVDSSHDUV)XUWKHUE\PDNLQJLWSRVVLEOHIRUVKRUH
EDVHGVHUYLFHVWRVHQGURXWHVWRYHVVHOVSLORWVDQG976RSHUDWRUVFDQDVVLVWVKLSVXQNQRZLQJO\KHDGLQJ
LQWRGDQJHUDVLWXDWLRQQRWTXLWHXQFRPPRQ,QWKLVZD\LWLVSRVVLEOHWRFUHDWHDXQLILHGQDYLJDWLRQWHDP
E\MRLQLQJWKHVKLS¶VEULGJHWHDPDQGWKHVKRUHEDVHG976WHDPE\QHZWHFKQRORJ\WRVKDUHLQIRUPDWLRQ
+RZHYHURQHPLJKWDUJXHWKDWE\VHQGLQJRXWDQLQWHQGHGURXWHDQGWKHQQRWIROORZLQJRQHPD\LQVWHDG
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FUHDWHDQHZW\SHRIDFFLGHQWV7RH[SORUHSRVVLEOHFRQVHTXHQFHVRIURXWHH[FKDQJHDV\VWHPVLPXODWLRQ
FRQGXFWHGDW&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\LQ6ZHGHQ
,Q WKHZRUNPHQWLRQHGDERYH+XWFKLQV SUHVHQWHGKLV IUDPHZRUNRIGLVWULEXWHG FRJQLWLRQ+H
DUJXHGWKDWWKLQNLQJDQGGHFLVLRQPDNLQJQRWRQO\WDNHSODFHLQVLGHRIWKHLQGLYLGXDO¶VKHDGEXWWKDWLWLV
DOVR VRFLDOO\ GLVWULEXWHG DPRQJ WKH PHPEHUV RI D VRFLHW\ RU D JURXS DQG DPRQJ WKH LQGLYLGXDOV DQG
FRJQLWLYHWRROVRIWKHVRFDOOHGVRFLRWHFKQLFDOV\VWHP
5RRWHGLQWKLVSHUVSHFWLYHRQKXPDQFRJQLWLRQWKLVSDSHUFRQVLGHUVWKHZKROHQDYLJDWLRQDOFUHZRQWKH
EULGJHRIDVKLSDVDV\VWHPDQGLQDODUJHUFRQWH[WDOVRWULHVWRORRNDWWKHODUJHUV\VWHPFRQVLVWLQJRIDOO
WKHVKLSVLQDQDUHDWRJHWKHUZLWKWKHVKRUHEDVHG9767KLVDSSURDFKLVDQWLFLSDWHGWRJHQHUDWHYDOXDEOH
LQVLJKWVRQZKDWSURFHVVHVDQGDUWLIDFWVPLJKWEHKHOSIXOWRLQFUHDVHVDIHW\
1HZWHFKQRORJ\RUQHZSURFHGXUHVDUHLQWURGXFHGZLWKDQLQWHQGHGSHUIRUPDQFHRSWLPL]DWLRQLQPLQG
IRULQVWDQFHVDIHUWUDIILFRUFRJQLWLYHRIIORDGLQJ7KHORQJWHUPJRDOLVLQFUHDVHGHIILFLHQF\EXWFKDQJH
DOVR RSHQV XS IRU XQLQWHQGHG FRQVHTXHQFHV 7KHUH LV RI FRXUVH QR JXDUDQWHH WKDW VXFK XQLQWHQGHG
FRQVHTXHQFHV ZLOO EH WULJJHUHG GXULQJ D VLPXODWLRQ EXW H[SORULQJ WKH FRQVHTXHQFHV RI FKDQJH LQ DQ
HQYLURQPHQWVHHNLQJWRVRPHGHJUHHPLPLFWKHFRPSOH[LW\RIDUHDOHQYLURQPHQWZLOOKRSHIXOO\UHVXOWLQ
VRPHQHZNQRZOHGJHRISRVVLEOHEHKDYLRU
7KH UHVHDUFK TXHVWLRQ LQ WKLV VWXG\ ZDV IRFXVHG RQ ZKDW DUH WKH XQH[SHFWHG FRQVHTXHQFHV RI
LQWURGXFWLRQRIURXWHH[FKDQJHPHDQLQJWKHDELOLW\IRUVKLSVWRVKRZLQWHQGHGURXWHVDQGWKHDELOLW\IRUD
976FHQWHUWRVHQGRXWVXJJHVWHGURXWHVWRVSHFLILHGVKLSV

0HWKRG
%DVHG RQ WKLV QRWLRQ D VRFDOOHG V\VWHP VLPXODWLRQ /W]K|IW HW DO  ZDV FRQGXFWHG DW WKH
VLPXODWRU FHQWHU DW &KDOPHUV 8QLYHUVLW\ RI 7HFKQRORJ\ $ V\VWHP VLPXODWLRQ LV D FRPSOH[ VLPXODWLRQ
LQYROYLQJPRUHWKDQRQHOLYHVKLSDQGVKRUHEDVHGVHUYLFHV,QWKLVVLPXODWLRQWZRVKLSVZHUHDVVLJQHGWR
SDVVWKURXJKWKH6RXQGgUHVXQGEHWZHHQ6ZHGHQDQG'HQPDUN7KHYHVVHOVZHUHDVPDOOWDQNHUDQGD
ODUJH FUXLVH VKLS 6HYHUDO RWKHU ³QRQSOD\LQJ´ WDUJHW VKLSV ZDV DOVR WUDIILFNLQJ WKH DUHD 7KH ZKROH
VLPXODWLRQ ZDV YLGHR PRQLWRUHG DQG VKLS PRYHPHQWV UHFRUGHG DV ZHOO DV UDGLR FRPPXQLFDWLRQ DQG
EULGJHVDFWLYLWLHV
%HWZHHQ6ZHGHQDQG'HQPDUN WRVKLSVRYHU*7SDVV WKH6RXQGHYHU\\HDU QRW
FRXQWLQJWKHPDQ\IHUULHVJRLQJEDFNDQGIRUZDUGDFURVV WKH6RXQG,Q ODWHU\HDUVWKHUHKDYHRFFXUUHG
EHWZHHQDQGLQFLGHQWVHYHU\\HDUZKHUH976RSHUDWRUVKDYHEHIRUFHGWRWDNHDFWLRQPRVWO\WRZDUQ
VKLSVZLWKWRRGHHSGUDXJKWVRUZKRZHUHKHDGLQJIRUVKDOORZV*DUEHEULQJ
$QRUPDOYR\DJHWKURXJKWKH6RXQGIURPWZRQDXWLFDOPLOHVQRUWKRIWKH+HOVLQJERUJ+HOVLQJ|UIHUU\
FURVVLQJLQWKHQRUWKWRWKHSDVVDJHRI'URJGHQOLJKWKRXVHLQWKHVRXWKHUQ6RXQGWDNHVDERXWKRXUV$
IXOOGD\ZDVERRNHGLQWKHVLPXODWRUVDW&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\DOORZLQJIRUWZRSDVVDJHV
RQHIURPHDFKGLUHFWLRQIRUWKHWZRVKLSV
2QO\WKHWZRSOD\LQJVKLSVDQGVRPHQRQSOD\LQJWDUJHWVXVHGWRWULJJHUVLWXDWLRQVKDGWKHDELOLW\WR
VHQGLQWHQGHGURXWV7KLVZRXOGPLPLFWKHVLWXDWLRQLQDQHDUO\SHULRGRIWHFKQRORJ\FKDQJH
7KHWDQNHU7&*OHLVQHUZDVPDQQHGE\WZRDFWLYH6RXQGSLORWVRQHDFWLQJDVFDSWDLQWKHRWKHUDV
ZDWFKRIILFHU7KHRWKHUVKLSWKHFRXUVLQJVKLS5R\DO3ULQFHVVZDVPDQQHGE\RQHSURIHVVLRQDOFDSWDLQ
DQG RQH SLORW DFWLQJ DVZDWFK RIILFHU%RWK EULGJH FUHZVZHUHZHOO IDPLOLDUZLWK WKH 6RXQG7KH976
FHQWHUZDVPDQQHGE\DSURIHVVLRQDO6RXQG976RSHUDWRUVHH)LJXUH

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 
)LJ/HIW&DSWDLQDQGSLORWRQWKHVLPXODWRUEULGJH5LJKW7KH976RSHUDWRUULJKWDQGWKHREVHUYHUOHIW

7KH VLPXODWLRQ VWDUWHG LQ WKH PRUQLQJ DW  R¶FORFN ZLWK  PLQXWHV RI YR\DJH SODQQLQJ ZKHQ WKH
ZD\SRLQWVRIWKHSDVVDJHZHUHSURJUDPPHGLQWRWKHSURWRW\SHFKDUW
7KHSURWRW\SH(&',6ZDVSUHSDUHGE\WKH'DQLVK0DULWLPH6DIHW\$GPLQLVWUDWLRQ'$06$DVDSDUW
RIWKH(IILFLHQ6HDSURMHFW7KHSURWRW\SHDOORZHGDQXPEHURIZD\SRLQWVDKHDGRIWKHSUHVHQWOHJWREH
WUDQVPLWWHG IURP WKH VKLSV SURWRW\SH (&',6 LQ WKH VDPH PRPHQW WKH FUHZ FKRVH WR PDNH LWV URXWH
³DFWLYH´ZKLFKZRXOGWKHQDOORZWKHDXWRSLORWWRIROORZLW$WDQ\PRPHQWFKDQJHVWRWKHURXWHFRXOGEH
PDGHE\GUDJJLQJH[LVWLQJZD\SRLQWVRUE\DGGLQJQHZZD\SRLQWVDQGGUDJJLQJWKHP2QFHFKDQJHVKDG
EHHQPDGHWKHURXWHKDGWREHPDGHDFWLYHRQFHDJDLQ7KH976FKDUWV\VWHPDOVRKDGWKHVDPHDELOLW\WR
VHQGRXWVSHFLDOO\GHVLJQHGURXWHVRUURXWHVIURPDOLEUDU\WRDGHVLJQDWHGVKLS,QWKHSURWRW\SHVHWXSWKH
PD[LPXPQXPEHURIZD\SRLQWVWUDQVPLWWHGZDVXVLQJ$,6ELQDU\PHVVDJHV
2QHDFKRIWKHEULGJHVDQGLQWKH976VWDWLRQDUHVHDUFKHUREVHUYHUWRRNQRWHVDQGDVNHGTXHVWLRQV
PRYHPHQW RI VKLSV DQG 9+) FRPPXQLFDWLRQ ZDV UHFRUGHG DQG WKH GDWD FROOHFWHG LQ WKH 96/ 6LWH
2EVHUYHUVRIWZDUHIRUIXUWKHUDQDO\VHV
5HVXOWV
7KHILQGLQJVSUHVHQWHGLQWKHIROORZLQJSDUDJUDSKVDUHWKHUHVXOWVRIWKHSUHOLPLQDU\DQDO\VLVEDVHG
RQ REVHUYDWLRQV E\ WKH DXWKRUV GXULQJ WKH VLPXODWRU UXQ +RZHYHU QR UHDOO\ DODUPLQJ EHKDYLRU ZDV
GHWHFWHGE\WKHLQYROYHGSDUWLFLSDQWVXVLQJWKHQHZIHDWXUHVDQGLQVHYHUDOVLWXDWLRQVWKHDELOLW\WRVHHWKH
RWKHU VKLSV LQWHQGHG URXWHV IDFLOLWDWHG WKH QHJRWLDWLRQV IRU D VROXWLRQ RI FRQIOLFWLQJ VLWXDWLRQV 2QH
H[DPSOHZLOOEHJLYHQKHUHVHH)LJXUH
7KH WDQN VKLS7&*OHLVQHU ZDV VRXWKERXQG LQ WKH 6RXQG DQGZDV DSSURDFKLQJ WKH QDUURZV DW WKH
IHUU\FURVVLQJEHWZHHQ+HOVLQJERUJDQG+HOVLQJ|U6HYHUDOIHUULHVFURVVWKH6RXQGKHUHHYHU\KRXUDQG
WKH\PLJKWVXGGHQO\DSSHDUIURPWKHWZRSRUWVRQHLWKHUVLGH
$FFRUGLQJWR&2/5(*6VKLSVKRXOGJLYHZD\WRRWKHUVKLSVRQWKHLUVWDUERDUGVLGH%XWEHFDXVHRI
WKH QDUURZ VWUDLW WKH IHUULHV QRUPDOO\ JLYHZD\ IRU DOO SDVVLQJ WUDIILF RU GHOD\ WKHLU GHSDUWXUH WR ILW DQ
RSHQLQJLQWKHWUDIILFIORZ7KLVLVKRZHYHUDEHKDYLRUWKDWKDVQRVXSSRUWLQ&2/5(*6DQGPD\FDXVH
PLVXQGHUVWDQGLQJV :KHQ 7& *OHLVQHU ZDV DSSURDFKLQJ WKH IHUU\ FURVVLQJ IURP WKH QRUWK WKH IHUU\
7\FNR %UDKH ZDV GHSDUWLQJ IURP +HOVLQJ|U RQ WKH WDQNHUV VWDUERDUG VLGH $V WKH IHUU\ VWDUWHG VKH
EURDGFDVWHGKHULQWHQGHGURXWHDVWUDLJKWOLQHRYHUWR+HOVLQJERUJ)LJXUHOHIWSKRWR7KHLQWHQWLRQRI
7K\FNR %UDKH ZDV SLFNHG XS E\ 7 & *OHLVQHU VRPH  PLQXWHV DZD\ %HLQJ WKH JLYHZD\ VKLS
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DFFRUGLQJWR&2/5(*6UXOH7&*OHLVQHUWKHQFKDQJHGKHUFRXUVHWRJRDVWHUQRI7\FNR%UDKHE\
DGGLQJDZD\SRLQWDQGGUDJJLQJLWZHVWWRMXVWRXWVLGHWKHSRUWHQWUDQFH6KHWKHQPDGHWKHURXWHDFWLYH
DQG LWZDVDXWRPDWLFDOO\EURDGFDVWHG WRDOO VKLSV WKDWKDG WKH³VKRZ LQWHQGHG URXWHV´ VZLWFKHGRQ VHH
)LJXUHPLGGOHSKRWR%XWWKHSUDFWLFHLQWKH6RXQGLVWKDWWKHIHUULHVJLYHZD\IRUSDVVLQJWUDIILFVR
7\FNR%UDKHDGGVWZRQHZZD\SRLQWVWRKHUURXWHDQGGUDJVRQHRIWKHPEHKLQG7&*OHLVQHUVKRZLQJ
KHULQWHQWLRQVWRWXUQSRUWRXWVLGHWKHSLHUKHDGDQGJRDVWHUQRIWKHWDQNHU7&*OHLVQHUDFFHSWVWKLVE\
GUDJJLQJKHUQHZZD\SRLQWEDFNWRUHVXPHKHUSUHYLRXVURXWH

  
)LJ$QH[DPSOHRIQHJRWLDWLQJDFRQIOLFWLQJVLWXDWLRQXVLQJLQWHQGHGURXWHV2ZQVKLS7&*OHLVQHUUHGSRLQWHULVWKHEODFN
V\PEROVRPHZKDWZHVWRIKHUUHGWUDFNLQWKHXSSHUOHIWSDUWRIWKHVFUHHQLQWKHOHIW)LJXUH7\FNR%UDKH¶VJUHHQSRLQWHUJUHHQ
WUDFNVKRZVLQWKHOHIW)LJXUHWKDWVKHILUVWLQWHQGVWRJRVWUDLJKWDFURVVWKHVWUDLWLQIURQWRI7&*OHLVQHU,QWKHPLGGOH
7&*OHLVQHUKDVSXEOLVKHGKHULQWHQWLRQVWRJRDVWHUQRI7\FNR%UDKHLQDFFRUGDQFHZLWK&2/5(*6E\LQVHUWLQJDQHZZD\SRLQW
DQGPRYLQJLWZHVW7KLVZLOOEULQJ7&*OHLVQHU¶VWUDFNYHU\FORVHWRWKHSRUWHQWUDQFHDQGLQWKHULJKW)LJXUH7\FNR%UDKHKDV
RIIHUHGWR\LHOGDQGJRDVWHUQRI7&*OHLVQHUZKRKDVDFFHSWHGE\PRYLQJKHUZD\SRLQWEDFNWRKHURULJLQDOWUDFN3KRWRVRI
7&*OHLVQHU¶V(&',6VFUHHQDQGUHVSHFWLYHO\
6HYHUDOVLPLODUVXFFHVVIXOQHJRWLDWLRQVEHWZHHQ
WKHWZROLYHVKLSVDQGWDUJHWVKLSVUXQE\WKH
VLPXODWRULQVWUXFWRUWRRNSODFH

7KH976DOVRVHQWRXWQHZURXWHVWRRQHVKLS
ZLWKWRRGHHSGUDXJKWWRSDVVWKH6RXQG
DOWRJHWKHUDQGDVKLSZLWKDSODQQHGFRXUVH
OHDGLQJGLUHFWO\DJURXQGWKHVHWZRVFHQDULRVZDV
EDVHGRQUHDOVLWXDWLRQV

2QLVVXHWKDWEHFRPHDSSDUHQWZDVWKHRQVFUHHQ
FOXWWHULQJWKDWRFFXUUHGDVDUHVXOWRIWKHGLVSOD\
RILQWHQGHGURXWHVVHHILJXUH7KLVZDV
SDUWLFXODUO\DSSDUHQWRQWKH976VFUHHQZKHUHDOO
VKLS¶VWUDFNVZHUHEODFN7KHFOXWWHULQJSUHYHQWHG
RUPDGHLWYHU\GLIILFXOWIRUWKH976RSHUDWRUWR
VHHZKLFKWUDFNEHORQJHGWRZKLFKVKLS6RPH
NLQGRIVROXWLRQWKDWUHGXFHVWKHQXPEHURI
VLPXOWDQHRXVRQVFUHHQWUDFNVZLOOKDYHWREH
IRXQG2QERDUGWKHVKLSVWKHRZQVKLSVWUDFNLV
E\UHJXODWLRQUHGDQGRWKHUVKLSVWUDFNVDUHJUHHQ
0D\EHWUDFNVVKRXOGRQO\EHYLVLEOHZKHQ

)LJ$SKRWRJUDSKRIWKH976VFUHHQLOOXVWUDWLQJWKH
FOXWWHURIGLIIHUHQWLQWHQGHGWUDFNV±LWLVGLIILFXOWRU
LPSRVVLEOHWRVHHZKLFKWUDFNEHORQJVWRZLWFKVKLS
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FOLFNLQJRQDVKLSWRTXHU\LWVLQWHQWLRQV"7KLVLVVRPHWKLQJWKDWQHHGVWREHGHYHORSHGIXUWKHU
&RQFHUQ ZDV DOVR UDLVHG RQ KRZ WR KDQGOH WKH LQWHQGHG URXWHV LQ FORVH TXDUWHU VLWXDWLRQV ZKHQ
GHFLVLRQWLPHZDVYHU\VKRUW
&RQFOXVLRQV
,WVHHPVIURPDSUHOLPLQDU\RYHUYLHZRIWKHUHVXOWVRIWKHVLPXODWLRQWKDWWKHWUDQVPLVVLRQRILQWHQGHG
URXWHVFDQVHUYHDVDOHVVDPELJXRXVJURXQGIRUURXWHQHJRWLDWLRQV6XEMHFWVZHUHJHQHUDOO\SRVLWLYHWRWKH
WRRO%XWLVVXHVZHUHUDLVHGDVIRULQVWDQFHRQWKHFOXWWHULQJRIWKHFKDUWDQGRQWKDWLQYHU\WLJKWDQGWLPH
FRQVWUDLQHGFROOLVLRQVLWXDWLRQVQRQHRIWKHVKLSVZLOOKDYHWLPHWRFOLFNLQWHQWLRQVLQWRWKH(&',6
$QRWKHUFRQFHUQUDLVHGE\WKH976RSHUDWRUZDVWKHTXHVWLRQRIUHVSRQVLELOLW\IRUWKHURXWHH[FKDQJH
$V DQ H[DPSOH WKH976RSHUDWRUZDV FRQWDFWHGE\RQHRI WKH YHVVHOV DVNLQJKLP WR VHQG D VXJJHVWHG
URXWHWRWKHRWKHUYHVVHOWRNHHSRXWRIKLVZD\$VLWLVWRGD\WKH976LVRQO\HQWLWOHGWRJLYHLQIRUPDWLRQ
VHUYLFHVZKLOHWKHH[HFXWLYHGHFLVLRQVRQQDYLJDWLRQUHPDLQWKHUHVSRQVLELOLW\RIDVKLS¶VFDSWDLQDQGWKH
QDYLJDWLQJ FUHZ 6HQGLQJ URXWHV IURP VKRUH PLJKW HYHQWXDOO\ UHTXLUH WR PRYH VRPH RI WKLV H[HFXWLYH
GHFLVLRQPDNLQJSRZHUWRVKRUHWREHDEOHWRDYRLGXQQHFHVVDU\QHJRWLDWLRQVLQFULWLFDOVLWXDWLRQV
5HVXOWVIURPWKHVLPXODWLRQZHUHSURPLVLQJDQGVROXWLRQVIRUWKHSUREOHPVHQFRXQWHUHGZLOOKDYHWREH
IRXQGXQWLOWKHQH[WLWHUDWLRQRIWKHURXWHH[FKDQJHVHUYLFH
$FNQRZOHGJHPHQWV
7KLVVWXG\ZDVSDUWO\ IXQGHGE\ WKH(8,QWHU5HJLRQDO ,9%%DOWLF6HDSURJUDP(IILHFLHQ6HDZKLFK
KHUHE\LVJUDWHIXOO\DFNQRZOHGJHG
5HIHUHQFHV
(IILFLHQ6HDKWWSZZZHIILFLHQVHDHX>DFF@

*DUEHEULQJ73DVVDJHQVRPDOGULJVRYHU6WlQGLJNRQWUROOLVXQGHW,Q6M|UDSSRUWHQ1RUUN|SLQJ6M|IDUWVYHUNHW

+XWFKLQV(&RJQLWLRQLQWKHZLOG&DPEULGJH0,73UHVV

,&6,QWHUQDWLRQDO&KDPEHURI6KLSSLQJ%ULGJHSURFHGXUHVJXLGH)RUWKHGLWLRQ/RQGRQ:LWKHUE\

,02,QWHUQDWLRQDO0DULWLPH2UJDQL]DWLRQ,QWHUQDWLRQDO5HJXODWLRQVIRU3UHYHQWLQJ&ROOLVLRQVDW6HD/RQGRQ,02

,02,QWHUQDWLRQDO0DULWLPH2UJDQL]DWLRQ1$9'(9(/230(172)$1(1$9,*$7,21675$7(*<5HSRUW
IURPWKHH1DYLJDWLRQ&RUUHVSRQGHQFH*URXS6XEPLWWHGE\WKH8QLWHG.LQJGRP/RQGRQ,02

.ZLN.+6DLOLQJ3UREOHPV:LWKLQDQG1HDU7UDIILF6HSDUDWLRQ6FKHPHV-RXUQDORI1DYLJDWLRQ

/LX=	:X=7KH+XPDQ(OHPHQWLQ6KLS&ROOLVLRQVDWVHD3DSHUSUHVHQWHGDWWKH$VLD1DYLJDWLRQ&RQIHUHQFHLQ
.REH-DSDQ

/W]K|IW03RUDWKH7-HQYDOG-	'DKPDQ-6\VWHP6LPXODWLRQVIRU6DIHW\,Q27XUDQV-%RV-6WDUN	-/
&ROZHOO(GV3URFHHGLQJVRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ+XPDQ3HUIRUPDQFHDW6HDS*ODVJRZ8QLYHUVLW\RI
6WUDWKFO\GH

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2IILFHRIWKH&RPPLVVLRQHUIRU0DULQH$IIDLUV'HFLVLRQRIWKH&RPPLVVLRQHURI0DULQH$IIDLUV5/LQWKH0DWWHURIWKH
&ROOLVLRQRIWKH/LEHULDQ%XON&DUJR9HVVHO$57$5',21DQGWKH)UHQFK5R5R7UDLQ)HUU\6$,17B*(50$,1LQWKH
'RYHU6WUDLWRQ)HEUXDU\0RQURYLD/LEHULD0LQLVWU\RI)LQDQFH

3HUURZ&1RUPDODFFLGHQWV/LYLQJZLWKKLJKULVNWHFKQRORJLHV3ULQFHWRQ1-3ULQFHWRQ8QLYHUVLW\3UHVV
